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(57)Abstract 

PURPOSE: To obtain a high-quality GaN single crystal 
having enough thickness to be usable as a substrate 
singly. 

CONSTITUTION: This GaN single crystal is such that 
the full width at half maximum in its double crystal X-ray 
rocking curve stands at 5-250sec and its thickness >80fi 
m. This single crystal can be obtained by film formation, 
as buffer layers, of a substance good in the lattice 
conformity with the GaN single crystal on a substrate 
with at least its surface representing GaN single crystal 
and then by crystal growth of the aimed GaN. There are 
two alternatives in this production method depending on 
the method of removing the buffer layers: one method is 
as follows: the above-mentioned crystal growth cycle is J ^ 
repeated desired times and laminates are formed on the 
substrate P0 and then the respective buffer layers B1- 
Bn are removed at a time to obtain GaN single crystals 
P1-Pn; the other method is as follows: a buffer layer is 
removed at every cycle and the above-mentioned 

crystal growth cycle is repeated for a GaN single crystal singly at all times. These two 
alternative methods may be combined with each other. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the quality GaN single crystal which can be 
suitably used as GaN single crystal substrates, such as blue light emitting diode, and its 
manufacture method. 
[0002] 

[Description of the Prior Art] The appearance of the semiconductor device which can emit light 
for the short wavelength which reaches a blue shell ultraviolet-rays wavelength field is strongly 
searched for by the demand of multiple-coloHzing in a luminescence display etc., and the 
demand of the improvement in data density in communication, record, etc. Its attention is paid to 
the GaN system single crystal which is the latus nitride of a band gap most in a III— V system 
compound semiconductor as a semiconductor material this blue - for ultraviolet luminescence 
devices. Since GaN has a transited [ directly ] type band structure, since the band gap in a room 
temperature is as large as about 3.4eV, it presents blue - ultraviolet luminescence possible 
[ efficient luminescence ], and it is a suitable material for the demand of the above-mentioned 
semiconductor device. However, since [ that crystal-growth temperature of GaN is high and ] 
the equilibrium vapor pressure of the nitrogen near crystal-growth temperature is high, it is very 
difficult to manufacture a large-sized single crystal for high quality from a melt Therefore, 
growth of a GaN system single crystal was performed by the hetero-epitaxial grown method 
based on the non-static reaction by MOVPE (Metal Organic Vapor Phase Epitaxy) or MBE 
(Molecular Beam Epitaxy) to an excellent in thermal resistance silicon-on-sapphire, or SiC 
substrate top. On the other hand, the method of having formed membranes upwards on silicon 
on sapphire by making ZnO into a buffer layer, and growing up a GaN single crystal was indicated 
(for example, Applied physics letter VoL61 (1992) p.2688), and production of a GaN substrate 
was attained in recent years. By growing up a homogeneous GaN system single crystal thin film 
on this GaN substrate, the quality of a GaN system single crystal thin film improved compared 
with the direct crystal growth to the above-mentioned silicon-on-sapphire top. 
[0003] 

[Problem(s) to be Solved by the Invention] However, by the conventional method using Above 
ZnO as a buffer layer, since membrane formation of ZnO to a silicon-on-sapphire top was what 
is depended on the sputtering method, this ZnO layer did not become a quality single crystal, but 
since the quality of this crystal structure influenced the following GaN single crystal layer, there 
was a problem that a quality GaN single crystal was not obtained. Moreover, the crystal quality 
of the GaN single crystal known conventionally Even if the quality, the full width at half maximum 
(full width at half^maximumof the double-crystal X-ray rocking curve) of 2 crystallization X-ray 
rocking curve About 100 sees, Mobility in a room temperature Although it was 600cm2 / VS 
grade Since the method of growing up a crystal was MOVPE, it was difficult to separate a GaN 
single crystal from the substrate of a basis by not obtaining only about 5 micrometers of 
thickness, since it is very thin, for example, to use independently as a substrate of a 
semiconductor light emitting device. For this reason, when a GaN single crystal was used, it was 
obliged to use still in the state in the state where it was formed on the substrate of a basis. 
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Hereafter, on these specifications, "2 Full width at half maximum of a crystallization X-ray 
rocking curve" is only called "full width at half maximum." Moreover, although the thing of 
thickness with the GaN single crystal sufficient as a substrate grown up by HVPE (Hydride 
Vapor PhaseEpitaxy) on the ZnO buffer layer was obtained as mentioned above, the full width at 
half maximum of the quality was the thing of low quality of 300 or more sees. That is, there was 
no GaN single crystal which has good quality and sufficient thickness simultaneously. 
[0004] The purpose of this invention is a quality single crystal, and is offering the GaN single 
crystal which has such sufficient thickness that using as a substrate independently is possible. 
Other purposes of this invention are quality single crystals, and are offering the manufacture 
method of a GaN single crystal which can manufacture the GaN single crystal which has such 
sufficient thickness that using as a substrate independently is possible. 
[0005] 

[Means for Solving the Problem] Even if a GaN single crystal is the crystal structure of low 
quality by the conventional manufacture method, this invention person etc. Even if it is a crystal 
of those other than GaN(s), such as silicon on sapphire, these or as first crystal substrate By 
grid adjustment with a GaN single crystal carrying out thin film growth of the good matter, 
considering as a buffer layer besides, and carrying out the crystal growth of the GaN on this As 
that a more nearly quality GaN single crystal is obtained and the GaN single crystal concerned 
are used as a new substrate and a buffer layer and a GaN single crystal are again grown up on 
this It responded for repeating growing the buffer-layer matter and GaN epitaxially by turns, and 
the GaN single crystal was improved more in quality, found out that it could form in sufficient 
thickness, and completed this invention. 

[0006] The GaN single crystal and its manufacture method of this invention have the following 
feature. 

(1) The GaN single crystal whose thickness the full width at half maximum of 2 crystallization X- 
ray rocking curve is 5-250sec, and is 80 micrometers or more. 

(2) The manufacture method of a GaN single crystal of having the process which was made 
carrying out thin film growth of the good matter of grid acjjustment with a GaN single crystal, 
turned to the buffer layer up on the substrate whose front face is a GaN single crystal at least, 
is made carrying out the crystal growth of the GaN, and obtains a GaN single crystal. 

(3) Make into 1 time of a crystal-growth cycle the process which was made to carry out thin film 
growth of the good matter of grid adjustment with a GaN single crystal, turned to the buffer layer 
up on the substrate whose front face is a GaN single crystal at least, is made to carry out the 
crystal growth of the GaN, and obtains a GaN single crystal. The manufacture method of the 
GaN single crystal characterized by removing each buffer layer after making 1 cycle repeat 
******** form the above-mentioned crystal-growth cycle at least on the obtained GaN single 
crystal, and obtaining a GaN single crystal. 

(4) Make into 1 time of a crystal-growth cycle the process which was made to carry out thin film 
growth of the good matter of grid adjustment with a GaN single crystal, turned to the buffer layer 
up on the substrate whose front face is a GaN single crystal at least, is made to carry out the 
crystal growth of the GaN, and obtains a GaN single crystal. The manufacture method of the 
GaN single crystal characterized by removing a buffer layer for the above-mentioned crystal- 
growth cycle for every [ 1 cycle repeat and ] cycle at least, and obtaining a GaN single crystal 
by using the obtained GaN single crystal as a new substrate. 

[0007] 

[Function] The GaN single crystal of this invention is formed on a substrate by repeating 
membrane formation of a buffer layer, and the crystal growth of GaN in cycle by turns again. 
Many dislocation, a stacking fault, etc. which exist in a substrate disappear by the inside of the 
crystal-growth layer of GaN, and a buffer layer, or the interface of a substrate and a buffer layer 
or the interface of a buffer layer and a GaN crystal-growth layer. Therefore, whenever it 
performs this crystal-growth cycle once, it is thought that it will be asymptotically converged on 
single crystal structure which is specified on growth conditions if the quality of the single crystal 
structure of GaN improves and this is repeated infinite. If the GaN single crystal obtained by the 
manufacture method of this invention has good quality and it is required for it, it can be formed 
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even in the thickness of 80 micrometers or more, and will become desirable as a substrate of a 

semiconductor light emitting device especially. 

[0008] 

[Example] Hereafter, an example is given and this invention is explained more to a detail. The 
GaN single crystal of this invention has sufficient thickness of 80 micrometers or more, so that 
the full width at half maximum can show the value of 5-250sec and can use [ quality ] it as a 
substrate independently, as described above. In this invention, quality of a GaN single crystal was 
made into the quality of a GaN single crystal with the value of full width at half maximum shown 
by this method, using an X-ray diffraction method as a method for expressing numerically. An X- 
ray diffraction method is a method of using diffraction of the X-ray irradiated by the crystal. Also 
in it, by this invention, in order to raise the accuracy of measurement, it measured by the 
method of using two crystals. The X-ray diffraction method using two crystals is a method of 
evaluating the lattice constant of a sample precisely and evaluating the integrity of a crystal 
from the half-value width. In the quality evaluation of the GaN single crystal in this invention, the 
X-ray which carried out incidence from X line source was highly monochrome-ized by the 1st 
crystal, the GaN single crystal of the sample which is the 2nd crystal was irradiated, and full 
width at half maximum (full width athalf-maximum) centering on the peak of the X-ray diffracted 
from this sample was measured. In X line source, it is Cukalphal. It used and the X-ray was 
generated in 30kV and 10mA. germanium (400) was used for the 1st crystal for monochrome- 
izing. Measurement shall be performed about the diffraction peak of GaN (0002), and the step 
interval of measurement shall be performed at 0.002 degrees. 

[0009] The manufacture method which it shall mention later about the experimental value of the 
quality of the GaN single crystal by this invention, and can next obtain the GaN single crystal of 
such quality is explained. Drawing 1 is drawing showing typically an example of the formation 
process of the GaN single crystal by the manufacture method of this invention, the first 
substrate P0 whose front face is a GaN single crystal at least as this draftsman shows the 
manufacture method of the GaN single crystal of this invention most briefly to 1 grid adjustment 
with a GaN single crystal deposits the good matter upwards — making — buffer layer B1 ** — 
it turned up, the crystal growth of the GaN is carried out, and a GaN single crystal is obtained 
[0010] The manufacture method of the GaN single crystal of this invention is the substrate P1 of 
the layered product formed by this draftsman at the process 1 again as shown in 2. Grid 
adjustment with a GaN single crystal turns the thin film growth of the good matter up, and it is 
buffer-layer B-2. Substrate P2 which formed upwards, is made to carry out the crystal growth of 
the GaN, and consists of a GaN single crystal It is made to form, counting a process 1 with the 
1st time, and repeating such a process n times in cycle — the best layer — GaN single crystal 
Pn each buffer layer accumulated till then after growing up — at once — removing — GaN 
single crystal PI -Pn dissociating — many — it is the method of using as the GaN single crystal 
of several sheets although the crystal quality of GaN obtained improves by the above-mentioned 
method whenever it increases the number of cycles, after improvement in crystal quality reaches 
equilibrium — rather — many — it will become useful as several substrates production 
technology 

[0011] Further, as shown in 3, this draftsman the manufacture method of the GaN single crystal 
of this invention Buffer layer B1 of a process 1 It removes and is the GaN single crystal P0 and 
P1. It dissociates. Independent substrate P1 of a GaN single crystal It obtains and is the 
substrate P1 concerned. Grid adjustment with a GaN single crystal turns the thin film growth of 
the good matter up, and it is buffer-layer B-2. It formed upwards, the crystal growth of the GaN 
is carried out, and it is buffer-layer B-2. It removes and is the GaN single crystal P1 and P2. It 
dissociates. The GaN single crystal Pn is obtained by counting a process 1 with the 1st time, and 
repeating such a process n times in cycle. That is, this method is the method of always using the 
GaN single crystal which removes the buffer layer which became the foundation of the crystal 
growth whenever the GaN single crystal newly obtained carried out the crystal growth for every 
cycle, and is newly obtained as a GaN independent single crystal. After improvement in crystal 
quality reaches equilibrium like the above-mentioned process 2 also in this method, it uses as a 
product material, and also two GaN single crystals separated by removing a buffer layer may be 
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respectively used again as a substrate of the following GaN crystal-growth cycle. 
[0012] Moreover, it considers as the method of compounding suitably two methods shown in 
processes 2 and 3, and how to remove a buffer layer to every number of times k with an 
arbitrary crystal-growth cycle can be considered. You may choose freely the arbitrary number of 
times k in this case. 

[0013] As mentioned above, by repeating a crystal-growth cycle, whenever the crystal structure 
of GaN performs this crystal-growth cycle once, quality improves, and the manufacture method 
of the GaN single crystal of this invention is the GaN single crystal Pn very quality to the n~th 
desired number of times. It is obtained. 

[0014] Thin film growth of a buffer layer has the desirable forming-membranes method which can 
grow epitaxially especially to upgrading of the GaN single crystal obtained, although the well- 
known forming-membranes method and a crystal-growth method are used. Moreover, the 
forming-membranes method which can grow epitaxially is desirable to upgrading like [ the 
method of carrying out the crystal growth of the GaN to up to a buffer layer ] thin film growth of 
a buffer layer. 

[0015] Epitaxial growth is the method of growing up the same matter as this, or the matter of 
the same crystal structure on a crystal substrate as a single crystal with which the sense of the 
crystallographic axis was equal to the sense of the crystallographic axis of a substrate. In this 
invention, the forming-membranes method for growing the matter used as GaN or a buffer layer 
epitaxially is the most desirable, and VPE (Vapor Phase Epitaxy), HVPE, MOVPE, MBE, GS-MBE 
(Gas Sourse MBE), CBE (Chemical beam Epitaxy), etc. are mentioned especially. 
[0016] Especially the number of times n that repeats the above-mentioned crystal-growth cycle 
is not limited, and although it may determine the number of times of a cycle according to the 
number of sheets of the GaN crystal substrate to need, corresponding to the quality of the GaN 
crystal for which it asks, in order to use as a GaN crystal substrate for the usual semiconductor 
devices, it serves as crystal quality sufficient by two - about 5 times. 

[0017] Although the method of removing the above and the buffer layer used as the foundation 
of the crystal growth of GaN may be what method as long as it is the method that the obtained 
GaN single crystal may be separated, its chemical removal^method by the acid etc. is effective. 
[0018] What has grid acjjustment good [ the matter used for the above-mentioned buffer layer ] 
with a GaN single crystal is used. A GaN single crystal and the good matter of the affinity made 
from a grid say that in which the lattice constant of the a-axis in a crystal lattice also has the Ur 
Die Zeit type crystal structure which is less than **5% preferably less than **10% to it of a GaN 
single crystal. ZnO is mentioned as a desirable example of the matter with which are satisfied of 
this. The lattice constant (the length of a unit lattice) of the a-axis of ZnO is 3.2496A, and since 
it is equipped with +1.9% and the lattice constant approximated very much to the lattice constant 
of 3.189A of the a-axis of GaN and the good crystal growth of GaN can perform it, it is desirable. 
Moreover, the etching removal nature of ZnO by the acid is good, and suitable for it as matter 
used for a buffer layer also at this point. The thickness of a buffer layer has 0.01 micrometers - 
desirable about 100 micrometers. 

[0019] The first substrate P0 That whose front face is a GaN single crystal at least is used. That 
is, they are the independent substrate of the GaN single crystal with which the whole consists 
only of GaN substantially, or the substrate [ as / only whose front face which has a GaN single 
crystal layer on the front face by the side of the buffer stratification is a GaN single crystal ]. In 
the case of the latter, what has the thermal resistance good as base-material matter which 
supports a GaN single crystal layer to the growth temperature (1000-1 100 degrees C) of a GaN 
single crystal is desirable, for example, a sapphire crystal substrate, Si substrate, crystal, a ZnO 
substrate, a SiC substrate, etc. are illustrated. Formation of the GaN single crystal layer to these 
base-materials matter top can be performed by the hetero-epitaxial grown method based on the 
non-static reaction by the MOVPE method, the MBE method, etc. 

[0020] [A manufacture experiment of a GaN single crystal and quality check experiment] Next, a 
GaN single crystal is actually manufactured by the manufacture method of the GaN single crystal 
of this invention, and the result which checked the quality is shown. 

As the example of the one example experiment of an experiment shows to the process 2 in 
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drawing 1 as a method of repeating the crystal-growth cycle in the manufacture method of the 
GaN single crystal of the above-mentioned this invention, it is the first substrate PO. Up, the 
buffer layer and the GaN single crystal were grown up one by one, and turned the laminating, and 
it considered as the method of removing each buffer layer at once finally, and separating a GaN 
single crystal. The first substrate PO If carried out, the substrate which grew the GaN single 
crystal layer epitaxially by the MOVPE method was used on the sapphire crystal base material. 
The buffer layer set thickness to 0.2 micrometers, and set material to ZnO. A crystal-growth 
cycle shall be repeated 5 times. The GaN single crystal P1 - P5 which are formed in crystal- 
growth cycle each time All thickness aimed at 300 micrometers. GaN single crystal P5 obtained 
at the end When full width at half maximum was measured, it was 29sec and the thickness was 
305 micrometers. 

[0021] In the example of the two example experiment of an experiment, it replaced with the 
method of repeating the crystal-growth cycle in the above-mentioned example 1 of an 
experiment, as shown in the process 3 in drawing 1 , whenever the GaN single crystal grew 
epitaxially, the buffer layer in front of it was removed, and the completely same GaN single 
crystal as the example 1 of an experiment was produced except having always used the new 
substrate as the GaN independent single crystal of one sheet. GaN single crystal P5 obtained at 
the end Full width at half maximum of quality was 28sec(s), and the thickness was 289 
micrometers. 

[0022] In the example of the three example experiment of an experiment the completely same 
GaN single crystal as the example 2 of an experiment was produced except having used the 
substrate of three layers which consists of silicon on sapphire, a buffer layer of AIN (alumimium 
nitride), and a GaN single crystal as first substrate in the above-mentioned example 2 of an 
experiment. The manufacture process of the substrate of three layers is explained briefly. On 
300 micrometers in thickness, and the area 5cmx5cm sapphire crystal substrate, AIN was grown 
epitaxially to the thickness of 500A by the MOVPE method as a buffer layer, material gas was 
changed with the state, the GaN single crystal was grown epitaxially to the thickness of 2 
micrometers by the same MOVPE method, it considered as the surface, and the substrate of 
three layer structures with a total thickness of about 302 micrometers which consists of a 
sapphire crystal substrate, an AIN buffer layer, and a surface of a GaN single crystal GaN single 
crystal P5 obtained at the end by this experiment Full width at half maximum of quality was 
25sec(s), and the thickness was 295 micrometers. 

[0023] the example of the four example experiment of an experiment — the above-mentioned 
example 2 of an experiment — setting — the first substrate P0 ****** — as the material (BeO) 
of the buffer layer in each cycle at the time of repeating the crystal-growth cycle of a GaN 
single crystal using the same substrate of three layers as the example 3 of an experiment — 
0.13 (ZnO) 0.87 The completely same GaN single crystal as the example 2 of an experiment was 
produced except having used. GaN single crystal P5 obtained at the end by this experiment Full 
width at half maximum of quality was 28sec(s), and the thickness was 301 micrometers. 
[0024] In the example of the five example experiment of an experiment, in order to compare with 
the quality of the GaN single crystal by this invention, the quality of the GaN single crystal by 
the conventional manufacture method was investigated. On 300 micrometers in thickness, and 
the area 5cmx5cm sapphire crystal substrate, the buffer layer with a made from ZnO by the 
sputtering method thickness of 0.6 micrometers was formed, and the GaN single crystal was 
grown epitaxially to 250 micrometers in thickness by HVPE on it. The full width at half maximum 
of the quality of this GaN single crystal was 420sec(s). 

[0025] It was checked that the manufacture method of the GaN single crystal of this invention 
can manufacture the quality GaN single crystal which is not in the former, and it is possible to 
manufacture in sufficient thickness to use a GaN single crystal as an independent substrate so 
that clearly [ in the above-mentioned experimental result ]. 

[0026] Such a quality and thick GaN single crystal obtained by the manufacture method of this 
invention is preferably used for uses, such as semiconductor light emitting devices, such as light 
emitting diode (Light Emitting Diode), laser diode (LD), and super luminescence diode, and an 
electron device. In a semiconductor light emitting device, it is using the GaN single crystal of this 
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invention as a substrate, and manufacture of Light Emitting Diode, LD, etc. which have the 
structure of the same electrode section as the conventional red Light Emitting Diode etc. is 
attained. What carries out blue luminescence also especially in these is important Moreover, the 
efficiency of luminescence of the semiconductor light emitting device will become higher 
[0027] [Quality check experiment of Light Emitting Diode using the GaN single crystal by this 
invention] Light Emitting Diode using the GaN single crystal obtained by the manufacture method 
of this invention as a substrate was actually manufactured, and the quality was checked. 
Moreover, Light Emitting Diode which uses respectively the GaN single crystal and sapphire 
crystal of quality as a substrate conventionally was manufactured, and it compared with the 
quality of Light Emitting Diode which uses the GaN single crystal of this invention as a substrate. 
As a GaN single crystal of quality, full width at half maximum used the thing of 300sec(s) 
conventionally. The quality of Light Emitting Diode evaluated about early brightness and an early 
life. The life measured the brightness after carrying out continuation luminescence by 20mA 
current for 2000 hours into temperature the atmosphere of 85% of humidity of 85 degrees C, and 
it asked for the decreasing rate to the brightness in early stages of the brightness, and A and 
less than two to five decreasing rate % was divided into B, and 5 - 10% of decreasing rates was 
divided into C and three ranks for less than 2% of decreasing rates. The structure of Light 
Emitting Diode used as the substrate the GaN single crystal obtained by the manufacture 
method of this invention, and considered the n-AIGaN clad layer, the InGaN barrier layer of 
undoping, and the p-AIGaN clad layer as the double heterojunction type composition made to 
come to grow up one by one on this substrate. The full width at half maximum of the quality of 
the substrate of the GaN single crystal by this invention is three kinds, 30sec(s), 100sec, and 
250sec. All thickness is 280 micrometers. Moreover, the composition ratio of InGaN of a barrier 
layer considered as two kinds, In0.15Ga0.85N and In0.25Ga0.75N, and experimented by creating a 
light emitting device about InGaN of each composition ratio. This experimental result is shown in 
the next tables 1 and 2. 
[0028] 
[Table 1] 
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[0030] As shown in Tables 1 and 2, it is early brightness and the point of a life and, as for Light 
Emitting Diode using the quality GaN single crystal by this invention as a substrate, it turns out 
that it is Light Emitting Diode superior to the conventional thing. 

[0031] Moreover, the following phenomenon has been checked about LD. In the conventional LD 
which uses a sapphire crystal as a substrate, since the state of the field of the GaN system 
compound semiconductor layer which will not be in the mirror-plane state where a substrate 
side is desirable, but is formed in the substrate side since it is the matter with a sapphire crystal 
difficult for formation of a cleavage plane followed the state of a substrate side, the reflector 
desirable for LD was not able to be formed. However, since it had thickness quality [ the GaN 
single crystal by this invention ], and sufficient, it became easy to obtain the cleavage plane by 
using a GaN single crystal as a substrate. Moreover, since crystal quality was inferior, although 
induced emission by current pouring has not been attained in LD using the conventional GaN 
system compound semiconductor, when constituted and experimented in the stripe laser of the 
Fabry-Perot resonator using the quality GaN single crystal by this invention as a substrate, 
induced emission was checked in the room temperature. 
[0032] 

[Effect of the Invention] As explained in full detail above, the GaN single crystal of this invention 
is simultaneously equipped with the crystal quality which was not in the former, and sufficient 
thickness. Moreover, the manufacture method of this invention can offer suitably the GaN single 
crystal simultaneously equipped with such quality and sufficient thickness. Therefore, in order to 
obtain Light Emitting Diode which presents efficient blue luminescence, and ultraviolet-rays laser 
diode or a heat-resistant good semiconductor device, the substrate of a suitable GaN single 
crystal is offered and the thing of it can be carried out. Moreover, the manufacture method of 
this invention can manufacture efficiently the improvement in the crystal quality of a GaN single 
crystal, and not only acquisition of thickness but several quality GaN many single crystals, and is 
industrial very important technology. 
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damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
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CLAIMS 



[Claim(s)] 

[Claim 1] The GaN single crystal whose thickness the full width at half maximum of 2 
crystallization X-ray rocking curve is 5~250sec, and is 80 micrometers or more. 
[Claim 2] The manufacture method of a GaN single crystal of having the process which was 
made carrying out thin film growth of the good matter of grid adjustment with a GaN single 
crystal, turned to the buffer layer up on the substrate whose front face is a GaN single crystal at 
least, is made carrying out the crystal growth of the GaN, and obtains a GaN single crystal. 
[Claim 3] The manufacture method of the GaN single crystal characterized by to remove each 
buffer layer after making into 1 time of a crystal-growth cycle the process which was made to 
carry out thin film growth of the good matter of grid adjustment with a GaN single crystal, turned 
to the buffer layer up on the substrate whose front face is a GaN single crystal at least, is made 
to carry out the crystal growth of the GaN, and obtains a GaN single crystal and making 1 cycle 
repeat ******** form the above-mentioned crystal-growth cycle at least on the obtained GaN 
single crystal, and to obtain a GaN single crystal. 

[Claim 4] The process which was made to carry out thin film growth of the good matter of grid 
adjustment with a GaN single crystal, turned to the buffer layer up on the substrate whose front 
face is a GaN single crystal at least, is made to carry out the crystal growth of the GaN, and 
obtains a GaN single crystal is made into 1 time of a crystal-growth cycle. The manufacture 
method of the GaN single crystal characterized by removing a buffer layer for the above- 
mentioned crystal-growth cycle for every [ 1 cycle repeat and ] cycle at least, and obtaining a 
GaN single crystal by using the obtained GaN single crystal as a new substrate. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawing 1] It is the ** type view showing an example of the process of the manufacture method 

of the GaN single crystal by this invention. 

[Description of Notations] 

PO The first substrate 

PI -Pn GaN single crystal 

B1 -Bn Buffer layer 
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1 

mxm i ] 2 tii&mxma y*>tf%-7v*m± 

>B#5~2 5 0 s e cT&D, fll*3V 8 0 /i mfil 
[g?#S 2 ] &U<t fc»BM*G a NJUgA?«*£ 

TG a N*»aS#*xaS*1"SG a N*&a<0§3i6 

[■MOT 3 ] 4>&< t fc»H#G a N«BA~e**S 

««a*T;ty7rBiU&±lCGaNftlBftJfifi*ii- 
TGaN^l&#SXl$ 1 BOlSAJSilMi^l'i: 
U ffSnfcGaNWIJiifciBBaaft^-fjr^* 

K#/ty7r)ift»*U GaN*«fftS#*!:t*4» 

a tr s g a n viMa«a#& 

[S*^4] fc*&B#GaNJIl|SAT&«£ 
C±tCG aN*ISB&tiE)»n^OJWttllrlt«)ni 
*ASttT/t y 7rit L^±ICG a N £3fSA£fi£1*: 
TG a N#|g&£#&;rg£ 1 B0|&A*filM 
U ften&GaN*ISA«ff&ft3MR2:LT±eilA 

c g a Nvmosam 

[0 00 1] 
[0 00 2] 

T**GaN»*l8A#*B;&ttTV>S. GaNtt, B 

Sffi±^<7>, MOVPE (Metal Organic Vapor Phase 
Epitaxy) SfcttMBE (Molecular Beam Epitaxy) \Z 



(2) ^¥7-1 6 54 98 

2 

v ? rMthx^y r-i 7&&±\Zfmisft±\ZG a N 

vwasais-ars^tt^BBwan (wttt Applied 

physics letter Vol.61 (1992) p. 2688 ) , GaNM 
©fts»#WIBlC&T>&. i©GaN»K±lCHK©'Ga 
N**MA*«*J8*Sl**£fcfcJ:oT, ±iE-tf-7r 

-f 7aw±^©iia*»9ftisa*ftic< ^GaNm 

[00 03] 

Sffi±^6D Z n O y * U > if ifefc X Z> *> CO 

2KZ>tea«iiCDaH7&^GaN*teaJi{^gTSfe 
»(cKaHfeGaN*«f*39«#6nft:^t^5BUB««* 
^/c. flE*«6nTV*fcGaN*lBa©»aaK 

>£f*-7©¥«t±* (full width at half-maximumof 
the double-crystal X-ray rocking curve) #*1 0 0 
s e cgS, gireoMobility »6 0 0 cm 2 /VS 

T, GaNWttA£«&0£4^5fl«U «*tf*W 
ofc. uOfcft, GaN«tSA««lffi'r<&«&», 

VPE (Hydride Vapor PhaseEpitaxy ) fci^TJEjjfi 

##S*lTl>fca«, *0*Ktt**^B**3 0 0 s e c 

»ff*i:*HI»fc«rrSGaN*IBattft:}&i-D&0'Tra5 
S. 

[0 0 0 4] *3H®gttF& ftAK&JNBAT* to 

40 N¥ttAQ9ffijOTtBfc. GaNJM9AO«fi*»*» 

[0 0 0 5] 

[«IW*il|[ft'r*fc«60#a] *%W&$\t, GaN# 
»A3J^O«i*ttfc^«^JlO»A*»T*oT 
fe, **VW*U-7r-f7A««©J:5ft:GaNH^oie 

ICG a N¥IIA&o4m^lW^ftttKeWRAfi 

$ttA7 7 7S^U CCOiteGaNSaAdifiS-a' 
^C<hiC<t^>T, «t03BiA»©GaNJWSA««»6tlS 
50 Zt, *J:«SKGaN*ISAS*&S:»RtU Stf 
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* iWfcRS it ZZtZmV jgf fc/fc 1; T G a NViMftf 

[0006] *nmoG &NWtn*xxPtvm6ftm 

(1) 2»fittX«ny*>y*-'/<03|£«^(|*«5'-2 
50secT&D, *>r>* fW8 0/imH±W§G 

(2) 4>fc< t «>*H3WG a N*»»T?**at«±'lCG a 

n*m*tQ**9tteaxi*mx*nmis&zikT 

nyyrMt. Lfc±fcG a N^fei^^tTG a NJJi 
a8&£#£Xg£:£rf £ G a N¥ttA®8ifi#& 

(3) £6SB«tG a NJWMre**a6*LbfcG a 

&G a N*HB±fc±Elia**9->f ^^ft*tt< t * 
1 U-f {r /l* 0 S l/TWI«jJjSS««IC#/( y 7 
rS^SU GaNVMASIIdZi&ftfraji-rdG 

aN¥jg&®s»m 

(4) tt»*H3^G a NJM»T***K±fcG a 
nyyrMt LTc±.\ZG aN*»S«K«G a N# 

*Mi*ft«3»*iisi©ii8*rtft*-f^;vtu #en 

£G a N#»aS«fc)5:«RtUT±IEJB»j***>f £ 

IC/ty 7 t«*»*U GaN*j»a*#«2:tSW« 

G a Nm^^Offig^ffio 
[0 0 0 7] 

<o/atGaNoai*fti*jai:, 

TV>S*<©tefo aW*n&£f& GaNQiftftjfift 

SfcttAy^rJitGaNiBftri&MtOffHT'iH 
fcfs. ^ot, K»»***>f ^;i^Sl|Hlffft5» 
fc* GaN©#»a*jB©flllttia±U, £n£l&Dfc 

lC<fcoT»6n*GaN*iBJitt*K*t&ff-C*0, * 
[0 0 0 8] 

WT*. *)WOGaN»»ltt, ±iBLfcJ;3tC, * 
©#MW5-2 5 0 s e c©«&«"rM«fcfeflD 
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4 

WTtt, GaN#»»©ftJlftR«T*Tfca6fl[>*»i: 
UTXMlttHSSfflK c©#ttfc±^Tift;£h*¥« 
^4@<D«l^t)oTGaN*i!aScoaSa:bfcc X^®»f 

*. *©fcjfcT*K *58WCtt* *©Wftf»«£lS±3 

2|»&;Bt>*Xtti»rtttiU KBatt^fcStfi 

*ic*fiflsLT* £2iR»T»*tt»©GaNwiMK: 
«Mtu ^©K»^&Bwraxi8©tr-^s«}i#i>tr 

5FWHM (fall width at ha If -maximum) %mfeh 
ft. XHiBfcttCukoi SfflK 30kV, 10mA 
T?X«ft*SS*&. J»fiftO«:ftCD«liaAlC». G 

e (4 0 0) Sr^Vi&o GaN (0 0 0 2) <D 

0 2° Tfr5<b©£Lfc. 

# [0 0 0 9] ^^iCct^GaN^iB^rBSco^fil 
lCOViTtt«JEf SfeOtU *fc£©±5fc*J(©G 
aN*18»*»SCt«i^ft«a^ftKW1-*. H 

1 tt#«9i©JBteftfc**G aN»JSa©»jsfcnac!) 
— «S«St»k:«TH-C»S. #fg9JCDG a NWtSA© 

^<t 5 bSM^GaN¥te^^^MSJOS«Po ± 
\ZG aN*JSai<0»^«^tt*tA»ft«WSi»«!S'& 
Wy77lBi tUfc±lCGaN*»ftj6**ii:TG 
aN*Bi&#5bOT!*-5. 
55 [0 0 10] *5fiW©GaN*«fa©»a*tttt, * 

#©&«Pi ±KGaN*«»t©«HP»&tt3&tAJ3 : ft 
«Wft*l«l«*«li:T/ty7rJBBa ZMfoVtz ±\zG 
aNS»»jSftS«GaN*3BIU:Da:**«P a e» 
rtS**. COfll&ias* xmfclHBtftATtf 
-f * Wl: n 0 jIT C t fc±r> T«±* fc G a N# 

m*-m\zB3kU GaNffeiPi -P. €»dlxT 
*»SOGaN*tlii«*ST»S. ±E»ftT 

[0 0 11] *%M©GaN#jg^<D®ig*S«, SB 
(C, HHXfiSfcjK-rAifc, Igl^777lBi 
SBibTGaN*»IPi , Pi «MBU GaNf 
ISftOWftXfiPi SttXfiPi ±tCGaN#i(S 

- S»jabfc±teGaNSlBftlS**'ft, /ty 7 

55 rilB* fiBSlTGaN»«gPi , P* S^dtf 
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(4) 
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a9fcn@m0STJ:i:IC*oTGaN*|8aP.*ff6 
&#&lcStbfc&tt, /Ty77JB*irabT5Hte*i* 

2ocDGaNJwisa»« m&tmt\sTmm?%mz, 

bTfciW. 

[0 0 12] I©2, 3tC^bfc2O0^ffi$a 

[0 0 13] ±B©J;5fc, *»ncE)GaNW)ieAoa 
GaNJMS»P. im*>ftZt\f*5WC»& 9 

[0014] ;t7 7 7g«MH &»©jdMtH" 
iesj«*ft#«fflv>sns*«* *>fcxi;**5/*;M»i»r 

tgftf&Rfcat, # G a N¥»»DMlft±l;:#b 
T#£bV>. /1y7 7JB±^GaN«8ilJS63 

[0015] xt!**s/*;w»tt, tensELhicnn 

ft"M5FSb<, fftCVPE (Vapor Phase Epitaxy ) , 
HVPE, MOVPE, MBE> GS-MBE (Gas So 
arse MB E) , CBE (Chemical beam Epitaxy ) ^ 

[0 0 16] _bB3»»d6S*-f ^SfcOSTIsIRn 

flWfcj&CT* *&»fr«GaNisaa««>ft» 

te*UT-9--f^;MiIjB:S*fibT±^ ®^©¥^# 
T/t-fXfflCGaNieftaKtbTfflViStett, 2©~ 

[0 0 1 7] ±12, GaN®eaAfifiD«ia:a:t)&;t 
y7rJB*B*T*»*tt, »&ftfcGaN*»A*# 
lib5ft*ttT*ntt20J:5a:#ftT*r>TfeiVi 

[0 0 18] ±|3/ty7 7ffllCffi^6n**Htt, Ga 

aN*ttatWr«fitt©Affft«Jlttt, MHftTlc 

*5t*S a G a N*ttao*nfc»br 



CD$?£bl>03£bT, ZnOrtWf&tl*. ZnOOa 
M<D&T£» (*fcfc^<Dg$) Ht3. 24 9 6AT& 

0, GaNOa(HO»?SJ:3. 1 8 9 AtC*f bT+ 

1. 9%t. m\zRWLft&?%L&Zm?LT& t) , A 
fffeGaNOjgSft^tffv^oTS^b^o *fc, 

&?t>, /ty7 7JBCfflVi-5«jHibT»iirc*S. ;t 
y7 7@<DJP*fc, 0. 0 1/im-10 0/imiK« 

[0 0 19] &&<DS«Po tt, tfc*H«»Ga 
N*IS»-C*«'bOftfflVi-5. EPS, ±ft#50lWfcG 
aN^^&MGaNVIBBCDJKtta}^ Sfctt, 
G aN*«WMI*;ty 7rJi»*«o«llHc=rr*J:5 
ft, *BW3WGaN*ISJi7r**J:5ftaMRT»*. 
»«<D«£, GaN*tei.@£fi}*'r-5S«'fe!Si:bT 
14, GaNVHlOAfilK (1 0 0 0-1 1 0 0*0 

<i 7&&&S, S *H, ZnOSffi, S i CS 

MOVPES, MB E&ft 
KRAlc»^<^7 t DXfc?^*^^^jai*j*lcj;tiTff 

[0 0 2 0] CG a N¥« A<Z)SSSIM«<l:tf AKIIB 
£80 *»W«E>GaN#»JiOtt8*ttK:±oT 
£R£GaNJ|ltta«»&U -eoAff^VBbfclSX 

a? *»**Aj***-f*;i'ft*DS-r*tttbT, ^ 1 

r»*±tfGaN*»ft«JWC«*S*T»OBU Jlft 

fcft/ty 7 r gfc-fficBfcibTG a N#ttAS»«-r 
**tti:b&. SSJCDgfcPo £bTte, ^77<7fe 
i*H±fcMO VP E&ICcfc D G a N#IS»JBSX 
*3/ir;WJ«ftSli:&a«Sffllrifc. /t*7 7Jl»JP*£ 
0. 2 Mm, «R£ZnOi:U^ fca&ftiMi^l'M: 

$n^GaNfgiPi -P E <0jp*te±T3 0 0 mhi 
40 Slgtlfc, «K:ff&nfcGaN#|gaPi ©** 
***Wfibfca:C^ 29sec-C&0, *0 

[00 2 1] m®W2 

*n&iw~c\t. ±Bsmn 1 K*tf*8a*iW"f 
5fc, GaN*ita^xhr^*^^;pj«*-ra*fc. * 

©M©/ty7 7lB*»aU gffcftS«^«iClftOG 
aN*»<D*«gai:b^£Wtt, Mft«|12:±<R«0 
GaN*»acDft£H«ffo&. S«tC#^n^GaN^ 
50 ^^Ps OiSlll MiW28secT*D, * 
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It, *omWiZ2 8 9 jxmTfcofc. 
[0 0 2 2] 3SS&093 

X. ^77<7S«t, A IN (gfc7;i^-#A> (0 

v>&£UMt ^af?n 2 1±< mmvG a N^jgacofp® 

$3 0 0 jxm> Bffi5 cmx 5 cm©D"7 r^TTiBSS 
«±fc* Ay7rJBfcbTAlN*MOVPEfclCj;o 

<0**T#»3tfX*«»^ HUMOVPEStC^fc-oT 
G a N»«ftft»*2 itm*-CX^*'>v;i<jaSfi** 
TMtU *7 7-f7lSB»R£, AINA777S 
t. GaN*ISft©a)Bi:^6**«JW93 0 2/imO 

GaN»fe@P 6 OSKfiL ¥IiI^2 5secT«5 
0* *0»*tt2 9 5 /zmT&ofc. 

[0 0 2 3] £&0H 
*SOk«*CHU ±fBS»«2fc*Vrc &30©S«Po 
tUTjaMfl3i:H«0 3Jla)iS«Sffl^ GaN^ig 

^My77lOtfffttT (BeO) e.ts (ZnO) 
o.sT £fflV>fcH*tt* *»«2i:^<H«<0GaN* 

aN*ttilPs *«±«#2 8 s ecTNfc 

[0 0 2 4] «KM5 

aS*©»6*SIC±SGaN*ltaoftR 
IS3 0 0/im, Ii5cmX5cm©t7 
7*f7ttft»R±fc, X/V^U ^SfccfcoTZnO 

C!>±fcHVPEfc±oTGaN**il£»S2 50/im 
STXlf**^*;!'**^**:. £©GaNJM8a©fl 
■fck *«4«K*t4 2 0 s e c X&oTt. 
[0 0 2 5] ±e*»«*TW&*>feJ;5fc* 
GaN#»»CD»a*tttt, fiSSKte&tK il&SMfcG 
aN»»ftftS3B-r«C:t*«?«BT»0, GaN 
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[0 0 2 6] *«9BO|Bfi3!rSCJ;t>T#6n5, £<Z> 
±5fcaaHTffV>GaN#ISfitt* «36^-f*-H 
(LED) , I/— tf-^*-H (LD) , 

fc^Ttt* *58Wfl!>GaN*JISa*a«tl/T«^*C 
t-C, ffi^O^feLED^ii^USSgScofflig^^r^ 
LED, LD*©OS*«»WBfcftS. CtlSOft*!?* 

[0 0 2 7] C**Wfc**GaN*»flftfflV>fcLE 
GaN*»***«a:bTffl^a:LEDS*|RIC«j6 

u *oajisaBi/&. ttxas<z>GaN4Ms 

ffU *5Bfl©GaNW*ft«RiT*LEDOft» 

<htttfcL£. ^BHCDGaNJMSatUTtt, 3Mt-£ 
■#30 0 secOfeOftfflV*. LED©flIlt ID 

# m<Dnmt^\z^xwm\yft. ufar. ^sst: 

MS 8 5X0#BIK*te*V>T2 0mA<onffi\Z&?X 

200 oi«iiQa8Bffi%s«ftftcE)i«aE«neu 

SA, ffiT$2-5*^^SB, ttT#5~10X&C 
t % 3 0<Z>7>*K:}Htfco LED©*iBJ4, *5S^<7) 
«a*ifefcJ;-3T#6n&GaN*«ft*S*EtU tt 
g«±fc, n-AlGaN^yHi, 7>F-7©I 
nGaNOT, p-A 1 GaN* ?y Hfi&K&ttft 

30 J;5Ga N3iiBa©S«0>aSte, *«*B*J3 0 s e 
c, 100 s ec> 2 5 0 s e c©3&f97*&&« JP# 
tt-f^T 2 8 0 jinn?**. &tc, m&is® I n G a N 
OffljESJttt* I no, is G ao. as Ino.25Gao.75 
NCD2igtU ft*©a*Jfc©I nGaN^OViT* 

1, 2 

[00 2 8] 

»1] 
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